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Anatomical Findings in Congenital Conductive Deafness
Variations in the anatomy of those portions of the ear derived from the branchial arches generally give rise to conductive hearing loss, although many of the syndromes associated with these changes exhibit inner ear anomalies also. The malformations are varied in their incidence and may follow no set pattern, but all too often they are uniformly severe.
In a study of the outer and middle ear in 36 anencephalic temporal bones we have found changes which are very similar to findings at operation in children with congenital ear malformations.
Pinna and Ear Canal
Pinna malformation is readily seen on inspection of the external ear, and there are well established classifications for the degree of deformity (Altman 1955 , Gill 1969 .
In mild deformity the pinna may be fully formed but small, and it may be situated low down on the side of the head, a condition described as 'low slung ears'. This malpositioning is in part due to rotation of the petrous bone around its long axis so that the petrous apices are unusually high (Phelps & Wright 1976) . It is most readily seen radiologically in Crouzon's deformity and Apert's syndrome. Preauricular pits may be seen as a hereditary trait in families with otherwise relatively normal pinnx, and there may be associated middle-ear anomalies with conductive hearing loss (Wildervanck 1962) .
Severe pinna deformity may range from absence of a specific portion of the ear such as the tragal area, to gross deformity where the skin appendages are totally disorganized. Occasionaly there is no skin appendage but the site of the ear is marked by a pit which may contain glandular structures (Streeter 1922) , and at operation it may be found to communicate with the middle ear cavity (Livingstone 1965).
Atresia of the ear canal is usually associated with deformity of the bony tympanic ring. There may be massive hypertrophy of Henle's spine or the styloid apparatus, and an atretic plate of bone is common. The plate may be a downward extension of abnormal ossification from the squamous temporal bone into mesenchyme which is not under the organizing influence of a tympanic ring primordium. When formed, the plate may be seen as a mass of bone lateral to the ossicles (Fig 1) , and a similar mass can be seen on histological sections in the anencephalic (Fig 2) .
When the tympanic ring is absent there may be no bone between the temporomandibular joint and parotid gland anteriorly, and the anterior surface of the mastoid process (Fig 3) . This has led to difficulty in the reconstruction of a stable meatus, as restenosis is very common (Wright 1972), especially in those cases where pneumatization is poor and the lateral sinus is abnormally anterior.
The ear canal develops as a canalization process in a solid core of cells which proceeds from medial to lateral, and arrest at any stage may give rise to a blind sac containing squamous epithelium or frank cholesteatoma.
Middle Ear Cavity
The middle ear space is frequently misshapen and may be compressed in any of its three dimensions. A very common deformity is marked narrowing of the epitympanum due to the abnormal position and outward bulging of a diluted lateral semicircular canal (Wright et al. 1976 ).
The middle ear may contain a gelatinous material which fills the mucosal folds and surrounds the ossicles (Fig 4) . This is undifferentiated mesenchyme. Swollen mucosal folds filled with mesenchyme may block the eustachian tube and give rise to the middle ear mucus frequently described at operation. Bony trabeculk may be found extending from the outer attic wall to the ossicular mass ( Fig 5) , or occasionally crossing the middle-ear cavity. The bony canal for the facial nerve may pass through the middle ear anterior to the stapes footplate Fig 6) . This abnormal course of the nerve has been described in thalidomide deformity, Klippel-Feil syndrome and in the trisomy syndromes (Kos etal. 1966 ).
Ossicles
The ossicles are usually grossly misshapen with the malleus and incus bodies fused. The long processes of these two ossicles may be absent, and the bodies may contain large marrow spaces (Fig 2) . Large bone trabeculae are frequently seen forming a scaffolding inside the marrow spaces. These large spaces have been described previously in immature and relatively undifferentiated ossicles (Hough 1963) .
The stapes bone may be totally absent but is more frequently present and misshapen. It may be a small banana-shaped structure having no footplate (Fig 7) , or there may be a columella stapes with footplate fixation (Fig 8) . The columella has been described in Treacher-Collins syndrome, thalidomide deformity, and in the Crouzon deformity (Schuknecht 1974). Recent experimental evidence in animals, reported by Poswillo (1975) , suggests that the embryological mechanism in many of these otomandibular deformities is the occurrence of focal hemorrhages in the mesenchyme during the early stages of embryogenesis. Technique Some anomalies of the external and middle ear can be at least partially evaluated by routine plain X-ray. However, visualization is so much better with tomography that this type of study should be performed on all suspected cases of anomalous development of the temporal bones, particularly prior to any attempted surgical correction. Most recent studies reported in the literature have been based on examination using the hypocycloidal movement provided by the Polytome apparatus. Use of this machine, or an equivalent apparatus giving a high tomographic blurring capacity, is now essential for complete radiological investigation of the temporal bone. Conventional linear tomography is in our experience generally unacceptable; it is obvious that an examination which may necessitate a general anmsthetic in children, and which also involves a not inconsiderable amount of radiation to the patient, must be performed on the optimum apparatus available. Our technique for children is to use coronal hypocycloidal tomography with a multisection casette which allows five separate tomographic cuts to be obtained sipnultaneously. Since all five are obtained with a single exposure it reduces the amount of radiation received by the patient and to some extent also reduces the number of children requiring general antsthesia to complete a successful examination. Since hypocycloidal tomography requires exposures lasting for approximately 6 seconds it will be evident that a general anesthetic is often necessary in the younger child; in infants sedation alone is usually all that is needed.
A single coronal zonogram (thick section tomogram) is also obtained routinely to supplement the hypocycloidal tomograms. Additional pr9jections may also be required depending on the problem at hand: these include lateral hypocycloidal tomograms, base projections and axial pyramidal views, i.e. tomographic sections taken transversely across the long axis of the petrous bone.
External Auditory Meatus
In congenital deformities of the external ear the meatus may be narrow, short, completely or partially atretic, or it may run in an abnormal direction, sloping upwards towards the middle ear. Sometimes it is curved in two planes (Gill 1969, becoming more horizontal at its medial end ( Fig 1B) . Obstruction in external auditory meatus atresias may be-due to soft tissue or bone but usually both are involved, and the tympanic ring may be absent, deformed or hyperplastic. Atresia plates may be due to a deformed tympanic ring or to extension of the squamous temporal bone downwards (Fig IC,D) . Both processes occur and in the latter circumstance the atresia plate may be pneumatized by extension of the mastoid air cells. It is not difficult to estimate the thickness of the atresia plate from the anteroposterior tomograms, but the position of the abnormal bony meatus should be carefully assessed in relation to surrounding structures such as the middle ear and temporomandibular joints. If surgery is contemplated this is important, since the pinna is often low in relation to the middle-ear cavity and the surgeon will want to known whether to approach the cavity via the existing meatus or to create a new opening.
Middle-ear Cavity In the majority of unilateral atresias with associated deformity of the pinna but no other congenital abnormality there is a normally formed mastoid with good pneumatization and the middle-ear cavity is of relatively normal shape. Even in the most severe deformities there is rarely complete absence of the middle ear and usually at least a slit-like hypotympanum can be shown, lateral to the basal turn ofthe cochlea ( Fig IF) . The middle-ear cavity may be reduced in size by encroachment of the atresia plate laterally, by a high jugular bulb inferiorly or by descent of the tegmen superiorly. In mandibulofacial dysostosis 'the attic and antrum are typically absent or slitlike, being replaced in varying degrees by solid bone or by descent of the tegmen (Fig IF) .
